Using immunohistochemistry and in situ hybridization the expression of calcitonin gene-related peptide (CGRP) was studied in the mouse spinal cord under normal conditions and after unilateral rhizotomy and after local colchicine treatment. Under normal conditions a dense plexus of CGRP-immunoreactive (IR) ®bres was observed in the super®cal layers of dorsal horns with lower numbers of ®bers in deeper laminae. Seven days after unilateral rhizotomy, there was a marked reduction of CGRP-IR ®bres in the ipsilateral super®cal layers and distinctly CGRP-IR neurons could be detected in the ipsilateral lamina III. CGRP mRNA-positive neurons were observed in lamina III in both the ipsilateral and contralateral dorsal horn. Colchicine treatment did not markedly increase the number of CGRP-IR neurons. The results suggest that CGRP is synthesized in local dorsal horn neurons of the mouse, and these neurons presumably participate in sensory processing. 
INTRODUCTION
The 37 amino acid peptide calcitonin gene-related peptide (CGRP) [1] has a wide distribution in the nervous system and may be involved in many biological functions, for example exerting actions in the cardiovascular, gastrointestinal, urinary and immune systems [2] . There is also strong evidence for involvement of CGRP in processing of sensory information: it is expressed in a large population of dorsal root ganglion (DRG) neurons [1, 3] , and CGRP release has been demonstrated in the dorsal horn [4] . There is evidence that CGRP is directly or indirectly involved in pain transmission. For example, CGRP potentiates substance P-induced biting and scratching [5] , facilitates the nociceptive¯exor re¯ex [6, 7] , excites dorsal horn neurons [8, 9] , and changes in CGRP levels have been observed in several experimental in¯ammatory models [10] .
CGRP in the dorsal horn of the spinal cord has in general been assumed to be of primary sensory origin [1, 3] , since dorsal rhizotomy results in a decrease in CGRP-like immunoreactivity (LI) in the super®cial layers of the ipsilateral dorsal horn [3] . Chung et al. [11] performed extensive dorsal rhizotomies combined with isolation of spinal cord segments and concluded that the dorsal root ganglion cells are the only source of CGRP to the lumbar spinal cord dorsal horn. However, Conrath et al. [12] described numerous CGRP-immunoreactive (IR) cell bodies in the rat dorsal horn after local treatment with colchicine. In the present study we examined the expression of CGRP in the mouse spinal cord using immunohistochemistry and in situ hybridization, both in normal and colchicine-treated animals and after unilateral dorsal rhizotomy.
MATERIALS AND METHODS
Animal experiments: Male C57 BL/6 J Bommice mice (A/ S Bommholtgaard) weighing 26±30 g were deeply anesthetized with sodium pentobarbital (Mebumal; 25 mg/kg, i.p.), and the left dorsal roots were transected from the ®rst lumbar to the third sacral segment. A 2 mm portion of the root was resected. The animals were allowed to survive for 7 days after surgery. The experiments had been approved by the local ethical committee (Stockholms djurfo È rso È ksetiska na Èmnd).
For immunohistochemistry rhizotomized mice (n 10) and mice treated intrathecally with colchicine (30 ìg/5 ìl; n 4) were deeply anesthetized seven days after rhizotomy, respectively 24 h after colchicine injection, and perfused with 10% formalin containing 0.2% picric acid in phosphate buffer. Ten control mice were also perfused as described above. The L4±L5 segments of spinal cord were dissected out and post®xed and stored in 10% sucrose in phosphate buffered saline overnight. Tissues were frozen and cut coronally in a cryostat (Microm) at 20 ìm and mounted on to chrome alum±gelatin-coated slides.
For in situ hybridization rhizotomized mice (n 10), together with control mice (n 10), were deeply anaesthetized, decapitated and the L4±L5 segments of spinal cord were rapidly removed and frozen on dry ice. The spinal cords were cut coronally and sagitally at 20 ìm in a cryostat (Microm).
Immunohistochemistry: Sections were processed according to the indirect immuno¯uorescence technique: they were incubated for 24 h at 48C in rabbit antiserum against CGRP (1:400) [13] , rinsed, incubated with¯uorescein isothiocyanate (FITC)-conjugated goat anti-rabbit immunoglobulin (1:80; Jackson ImmunoResearch), rinsed, coverslipped with glycerol/PBS (9:1) containing 0.1% paraphenylenediamine, and examined in a Bio-Rad Radiance Plus confocal laser scanning microscope installed on a Nikon Eclipse E600¯uorescence microscope. The CGRP antiserum absorbed with synthetic CGRP (10 À6 M; Peninsula) served as control serum.
In situ hybridization histochemistry: A probe complementary to CGRP [14, 15] was puri®ed through NAP-25 columns (Pharmacia), or OPC -columns (Applied Biosystems), labeled at the 39 end with [á-
35 S]dATP (New England Nuclear) using terminal deoxynucleotidyl transferase (IBI) and puri®ed and processed as described previously [16] . The sections were analysed in a Nikon Microphot-FX microscope equipped with a dark ®eld condenser and re-examined under bright ®eld conditions after staining with toluidine blue. Hybridization control was performed with an excess of cold probe (100-fold) together with the labelled probe.
RESULTS
Immunohistochemical studies: A very dense CGRP-IR ®ber plexus was observed in laminae I and II of the dorsal horn with lower numbers of ®bers in deeper laminae extending into laminae V. CGRP-IR ®bers were also found in the dorsal roots and in the tract of Lissauer (Fig. 1a) . Many motor neurons were CGRP-IR. Seven days after unilateral dorsal root rhizotomy, a dramatic reduction of CGRP-IR ®bers was found in the super®cal layers of the ipsilateral dorsal horn, as well as a decrease in deeper layers (Fig. 1b) . There was also a reduction of CGRP-IR ®bers in the lesioned dorsal roots (Fig. 1b) , and CGRP-IR neurons were seen in lamina III (Fig. 1b) . These neurons were mainly small and medium sized with processes and were surrounded by many ®ne varicose ®bers (Fig. 1d) .
Twenty-four hours after intrathecal injection of colchicine, a few CGRP-IR neurons were found in lamina III, and they were mainly small and medium-sized (Fig. 2) .
In situ hybridization studies: CGRP mRNA could be detected mainly in small neurons in lamina III (Fig. 3a±c ) both in control mice and bilaterally in the rhizotomized mice (Fig. 3d±g) . No mRNA signal was seen in lamina I or II (Fig. 3a±g) . There was no marked difference in labelling intensity, when comparing contralateral and ipsilateral dorsal horns (Fig. 3d,e vs Fig. 3f,g ). Strongly CGRP mRNApositive motor neurons were found in the ventral horns of both control and lesioned animals (Fig. 3a,d, 
f).
Control experiments: No CGRP-LI was seen after absorption with an excess of the respective peptide (Fig. 1c ). An excess of cold probe completely abolished the mRNA signals described above (data not shown).
DISCUSSION
The results from our study, using both immunohistochemistry and in situ hybridization, provide evidence that a small population of dorsal horn neurons in the mouse lumbar spinal cord express CGRP. They may give rise to at least some of the surrounding nerve terminals. These results are in agreement with an earlier study by Conrath et al. [12] showing CGRP-LI in many neurons in the rat dorsal horn after local colchicine treatment. In the present study both CGRP-LI and CGRP transcript were seen in a few neurons in lamina III, and both techniques showed similar results. A very dense network of CGRP ®bers was observed in the super®cal layers of dorsal horn of the mouse, and unilateral rhizotomy caused an ipsilateral marked reduction of CGRP-L as in other species [3, 11] . It is thus important to point out that the sensory afferents represent the by far most important source of CGRP also in the mouse dorsal horn.
In spite of numerous studies on CGRP in the spinal cord, only Conrath et al. [12] , using light and electron microscopic immunohistochemistry, have reported the presence of CGRP-LI in local dorsal horn neurons, which were rare in lamina I but more numerous in lamina II and especially in lamina III. The perikarya appeared to be hetergenous in their localization and morphology [12] . Are these CGRP neurons in rat similar/corresponding to those shown in the present study on mouse? Clearly there are differences in number and distribution, the CGRP neurons detected in mouse being much fewer and only localized in lamina III. Conrath et al. [12] analysed the cervical segment of spinal cord, while we looked at the lumbar cord, and they used local colchicine treatment. It is well known that peptide levels in cell bodies often are low, and that colchicine-treatment, by preventing centrifugal axonal transport, increases peptide levels so that cell bodies can be detected. However, colchicine not only inhibits axonal transport, but may also increase CGRP synthesis [17] . We also applied colchicine intrathecally on to the dorsal horn of the mouse spinal cord, but even then we only observed a small number of CGRP-IR neurons and only in lamina III, in agreement with the immunohistochemical and in situ hybridization results. The difference between the two studies could re¯ect a species difference between mouse and rat, but it is also possible that our immunohistochemical technique is less sensitive than that used by Conrath et al. [12] .
With regard to the immunohistochemical analysis, crossreactivity with related peptides can represent a problem. For example, some cholecystokinin antisera have been shown to cross-react with CGRP [18] and vice versa [13] . The presence of CGRP mRNA in neurons with a similar localization in the mouse dorsal horn to those showing CGRP-IR, as shown here, does strongly suggest that in the mouse these neurons express genuine CGRP. It would be interesting to perform in situ hybridization on the rat dorsal horn after local colchicine treatment.
CONCLUSION
The present results provide strong evidence for presence of a small population CGRP neurons in the mouse dorsal horn, providing a further source of CGRP in this region of the spinal cord, in addition to primary afferents. These CGRP neurons represent just one of many peptide interneurons described in the spinal dorsal horn, adding further to the complexity of its circuitry [19] .
